A yellow, Gram-reaction-negative, non-motile, aerobic bacterium, designated D07 T , was isolated from a tundra soil near Ny-Å lesund, Svalbard archipelago, Norway (788 N). Growth occurred at 4-37 8C (optimum 28-30 8C) and at pH 6.0-9.0 (optimum pH 7.0-8.0). The strain produced flexirubin-type pigments. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain D07
Members of the genus Chryseobacterium, described by Vandamme et al. (1994) , have been isolated from a wide variety of samples, such as the plant rhizosphere (Park et al., 2006; Kämpfer et al., 2014) , compost (Kämpfer et al., 2010) , soil (Shen et al., 2005; Weon et al., 2008; Hoang et al., 2013) , meat (de Beer et al., 2005; Charimba et al., 2013) , a newt tank (Kirk et al., 2013) , desert soil (Peng et al., 2009) , milk (Hantsis-Zacharov et al., 2008) , diseased fish (Bernardet et al., 2005; Ilardi et al., 2009 ), a beer-bottling plant (Herzog et al., 2008) , fresh water (Kim et al., 2005 , a dairy environment (Hugo et al., 2003) , wastewater (Kämpfer et al., 2003) and clinical samples (Vaneechoutte et al., 2007; Kämpfer et al., 2009) . The members of the genus Chryseobacterium are Gramnegative and aerobic. Phosphatidylethanolamine is the major polar lipid (Wu et al., 2013) and the major polyamine is sym-homospermidine (Kämpfer et al., 2009) or homospermidine (Vandamme et al., 1994) . Branchedchain fatty acids such as iso-C 15 : 0 , iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c) are predominant. Menaquinone 6 (MK-6) is the only respiratory quinone.
In this study, an Arctic bacterial isolate was subjected to a polyphasic analysis and identified as a novel member of the genus Chryseobacterium. Using the standard dilution plating technique on R2A agar (BD), strain D07
T was isolated from a soil sample of the high-Arctic tundra near the settlement Ny-Å lesund (788 559 N 118 589 E) in the Svalbard archipelago, Norway. Yellow-pigmented colonies were purified by transferring them onto new plates and subjecting them to an additional incubation at 28 8C for 48 h. The isolate was routinely cultivated on R2A agar at 28 8C and stored by lyophilization.
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from a fresh culture of IP: 54.70.40.11
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T following the methods of Sambrook et al. (1989) . For amplification of the 16S rRNA gene, primers 27F (59-GAGTTTGATCCTGGCTCAG-39) and 1540R (59-AGAAAGGAGGTGATCCAGCC-39) were used (Lane, 1991) . PCR and 16S rRNA gene sequencing were carried out as described by Lin et al. (2004) . Sequence similarity was investigated using NCBI BLAST and pairwise alignment was calculated using the EzTaxon database (Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the data via CLUSTAL_X (Thompson et al., 1997 ) and Kimura's two-parameter method (Kimura, 1980) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. Bootstrap analysis with 1000 replicates was conducted to assess confidence levels for the branches (Felsenstein, 1985) . Sequences from all species in the family Flavobacteriaceae were included in the phylogenetic trees. The root position was estimated by using the sequence of Weeksella virosa DSM 16922
T as an outgroup.
The 16S rRNA gene from strain D07 T was a continuous stretch of 1409 bp. 16S rRNA gene sequence analysis showed that strain D07
T was most closely related to members of the genus Chryseobacterium. The sequence similarity to the type strains of the most closely related species of the genus Chryseobacterium was 93.83 % to Chryseobacterium contaminans C26 T , 93.31 % to C. taklimakanense X-65 T , 93.26 % to C. artocarpi UTM-3 T , 93.25 % to C. jejuense JS17-8 T and 93.15 % to C. bernardetii NCTC 13530 T ; these values are below the 97.0 % threshold recommended for the discrimination of different bacterial species (Stackebrandt & Goebel, 1994) . Phylogenetic trees based on nearly full-length 16S rRNA gene sequences suggested that the genus Chryseobacterium has an usually wide range of 16S rRNA gene sequence similarity and that strain D07
T formed a monophyletic cluster with C. taklimakanense X-65 T , independent of the treeing method applied ( Fig. 1 and Figs S1 and S2, available in the online Supplementary Material). These results showed that strain D07
T may represent a novel species within the genus Chryseobacterium, although it has low 16S rRNA gene sequence similarity to other members of the genus (,93.83 %). As a result, we selected C. contaminans LMG 27810
T (Kämpfer et al., 2014) , C. taklimakanense CCTCC AB 208154 T (Peng et al., 2009) , C. bernardetii NCTC 13530
T (Holmes et al., 2013) and C. gleum ATCC 35910 T (Holmes et al., 1984) as reference strains for direct comparison with the novel isolate.
Growth was evaluated at 28 8C on several standard bacteriological media: R2A agar, tryptic soy broth (TSB; BD) agar, nutrient agar (NA; BD), marine agar (MA; BD), BHI agar and MacConkey agar (BD). Cell morphology was examined by phase-contrast (Olympus BX51) and transmission electron (Hitachi 8100) microscopy using cells grown on R2A agar at 28 8C for 48 h. Gram staining of cells was carried out according to the classical Gram procedure described by Doetsch (1981) . Gliding motility was investigated as described by Bowman (2000) using R2A medium with 0.3 % (w/v) agar. After incubation for 10 h at 28 8C, the inoculated area was covered with a glass coverslip and examined by oil-immersion phase-contrast microscopy. Growth at 4, 10, 18, 20, 25, 28, 30, 37 and 42 8C was investigated on R2A agar for 7 days. The pH range for growth was determined in R2A broth at pH 4.0-10.0 (in increments of 1.0 pH unit). Salt tolerance was tested in R2A broth supplemented with 0, 1, 2, 3, 5 and 10 % (w/v) NaCl for 2 weeks at 28 8C. Growth under anaerobic conditions was tested on R2A agar supplemented with 0.1 % KNO 3 in a GasPak jar (BBL) at 28 8C for 30 days. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl p-phenylenediamine (Kovacs, 1956) . Catalase activity was determined by observation of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. The test for hydrolysis of DNA (DNase agar; Scharlau) was performed as described by Collins & Lyne (1984) . The following conventional biochemical tests were conducted as described by Smibert & Krieg (1994) : the methyl red reaction and hydrolysis of casein, L-tyrosine, chitin, starch, CM-cellulose and Tweens 20, 40, 60 and 80. Flexirubin-type pigments were detected using the simple KOH test detailed in the minimal standards for describing novel taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . Antibiotic susceptibility was tested using the disc-diffusion method (Bauer et al., 1966) with discs impregnated with the following antibiotics: tetracycline, cefoxitin, cefatriaxone, cefotaxime, lincomycin, cefazolin, ofloxacin, cefminox, cephalexin, vancomycin, furazolidone, cefuroxime, cefoperazone, piperacillin, levofloxacin, norfloxacin, erythromycin, sulfisoxazole and kanamycin. After incubation at 28 8C for 72 h, strains were classified as sensitive or resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic. Additional physiological and biochemical characteristics were determined by using the API 20NE, API 20E, API 50CH and API ZYM kits (bioMérieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions.
To measure the G+C content of the chromosomal DNA, genomic DNA from the novel strain was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides and the G+C content was then determined as described by Mesbah et al. (1989) using reversed-phase HPLC (UltiMate 3000; Dionex). Cell biomass for the analysis of chemical taxonomy was obtained after cultivation on R2A agar at 28 8C. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. (1977) and were identified by HPLC as described by Xie & Yokota (2003) . The isomer type of diaminopimelic acid in the peptidoglycan was determined by using the method described by Staneck & Roberts (1974 
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identification of fatty acid methyl esters was performed using a Hewlett Packard 6890N gas chromatograph, with the MIDI Sherlock TSBA 6 database (Sasser, 1990) . For polar lipid analysis, the polar lipids were extracted and analysed by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) . Polyamine analysis was carried out as described previously (Busse & Auling, 1988; Busse et al., 1997) .
Strain D07 T grew well on R2A agar, NA and TSB agar, but not on MA, BHI agar or MacConkey agar. The strain showed Gram-negative staining behaviour and formed visible yellowish colonies (diameter about 1-2 mm) within 48 h at 28 8C. Colonies were circular, convex, entire, shiny and smooth. Cells were strictly aerobic, non-motile, non-spore-forming, short rods, 0.53-0.63 mm wide and 0.63-1.08 mm long (Fig. 2) . Growth of the strain was observed on R2A agar at 4-37 8C, with an optimum temperature of 28 8C. Strain D07
T grew in the presence of 0-1 % (w/v) NaCl, but not 2 %; it grew at pH 6.0-9.0, with an optimum at pH 7.0-8.0. Cells reproduced by budding or asymmetrical cell division (Fig. 2) , which was not observed in cells of the related type strains. Activities of catalase and oxidase were positive. The strain produced flexirubin-type pigments. Further biochemical and physiological data are given in Table 1 and in the species description.
The DNA G+C content of strain D07 T was 49.3 mol%, which is higher than those reported for the type strains of related species (Table 1) . Strain D07 T contained MK-6 as the major respiratory quinone and phosphatidylethanolamine, five unknown aminolipids and three unknown lipids as the main polar lipids (Fig. S3a) , common characteristics of a member of the genus Chryseobacterium (Table 1 , Fig. S3b-d) . The predominant cellular fatty acids of strain D07
T were anteiso-C 15 : 0 (25.91 %), iso-C 15 : 0 (16.05 %), iso-C 16 : 0 3-OH (9.64 %), iso-C 16 : 0 (9.42 %) and iso-C 14 : 0 (7.36 %), which were very similar to those of C. taklimakanense X-65 T (Table 2) . Among the main fatty acids, the presence of iso-C 14 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 and iso-C 16 : 0 3-OH and the absence of iso-C 17 : 0 3-OH, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ) were particular features of strain D07 T and C. taklimakanense X-65
T that distinguished them from related type strains. However, there were notable differences between strain D07 T and C. taklimakanense X-65 T in the proportions of predominant fatty acids such as iso-C 15 : 0 and anteiso-C 15 : 0 . Homospermidine was the only polyamine found in cells of the novel strain.
Phenotypic and molecular studies, especially examination of growth temperature, resistance to cefoxitin, the presence of a-galactosidase, dissimilation of citrate, cellular fatty acid profiles and DNA G+C content, indicate that strain D07 T can be clearly distinguished from members of the genus Chryseobacterium. On the basis of the results presented in this study, isolate D07
T should be classified as a member of a novel species of the genus Chryseobacterium, for which the name Chryseobacterium frigidum sp. nov. is proposed. Our data also necessitate emended descriptions of Chryseobacterium bernardetii and Chryseobacterium taklimakanense.
Emended description of Chryseobacterium bernardetii Holmes et al. 2013
The main characteristics are those given by Holmes et al. (2013) , with the following modifications. Produces flexirubin-type pigments. The major polyamine and respiratory quinone are sym-homospermidine and MK-6, respectively. The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ). Cells contain phosphatidylethanolamine, five unknown aminolipids and four unknown lipids as the main polar lipids.
Emended description of Chryseobacterium taklimakanense Peng et al. 2009 The main characteristics are those given by Peng et al. (2009) , with the following modifications. The major polyamine is homospermidine. Cells contain phosphatidylethanolamine, nine unknown aminolipids and an unknown lipid as the main polar lipids.
Description of Chryseobacterium frigidum sp. nov.
Chryseobacterium frigidum (fri9gi.dum. L. neut. adj. frigidum cold).
Cells are strictly aerobic, Gram-reaction-negative, nonmotile, non-flagellated, short rods, 0.53-0.63|0.63-1.08 mm. Colonies are 1.0-2.0 mm in diameter, circular, convex, entire, shiny, smooth and yellow after growth on R2A agar at 28 uC for 48 h. Grows well on R2A agar, TSB agar and NA, but not on MB agar, BHI agar or MacConkey agar. Growth occurs at 4-37 uC (optimum 28-30 uC) and at pH 6.0-9.0 (optimum pH 7.0-8.0). Grows at 28 uC in the presence of 0-1.0 % (w/v) NaCl on R2A agar. Cells reproduced by budding or asymmetrical cell division. Positive for catalase, oxidase and hydrolysis of starch, casein and Tweens 20, 40 and 60, but negative for hydrolysis of Tween 80, DNA, L-tyrosine, CM-cellulose and chitin. Negative in the methyl red test. Flexirubin-type pigments are produced. In the API ZYM test, positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), Resistant to tetracycline, cefoxitin, cefatriaxone, cefotaxime, lincomycin and sulfafurazole. The main respiratory quinone is MK-6 and the major polar lipids are phosphatidylethanolamine, five unknown aminolipids and three unknown lipids.
The dominant cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 3-OH, iso-C 16 : 0 and iso-C 14 : 0 . The major polyamine is homospermidine.
The type strain, D07 T (5CCTCC AB 2011160 T 5KCTC 42897 T ), was isolated from a soil sample in the high Arctic tundra near the settlement Ny-Å lesund in the Svalbard archipelago, Norway. The DNA G+C content of the type strain is 49.3 mol%.
